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COMPARATOR CIRCUIT WITH
HYSTERESIS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to electronic circuits used as com-
parators, and more specifically to electronic circuits used as
comparators with built-in hysteresis.

2. Description of the Relevant Art

The problem addressed by this inventjon is encountered in
electronic circuits used to compare a first voltage to a second
voltage. Commercially available comparators, such as an
1L.M2904 are readily available and are often used to compare
voltages. The LM2904 is designed for low hysteresis and
low offset. However, it may be desirable in some applica-
tions to have hysteresis, such as in a reset circuit. FIG. 1
shows a prior art comparator, such as the LM2904, config-
ured to have hysteresis as is known in the prior art. More
specifically, FIG. 1 shows comparator 10 having a non-
inverting input 4, an inverting input 12, and an output 8.
Resistor 6 and resistor 3 add hysteresis to circuit, as is
known in the art. Typical resistor values for this configura-
tion are 10 kilo-ohm for resistor 3 and 1 mega-ohm for
resistor 6. In fact, a problem with this circuit is that large
resistor values are required and/or the circuit has an unde-
sirable low gain.

FIG. 2 shows a prior art comparator circuit 16. This circuit
includes a bias circuit 18, a differential input stage 20, and
a hysteresis circuit 22. The bias circuit includes current
source 24 connected in series with NPN bipolar transistor 26
and resistor 28. In operation, current is generated by current
source 24 to forward bias transistor 26. This creates a bias
voltage which is used by the transistors in the differential
input stage 20 and by transistor 48 of the comparator 16.

The differential stage includes PNP transistors 30, 36, 40
and 44, NPN transistors 32 and 46, resistors 38 and 42, and
current source 34. In operation, the base of transistor 36 is
the non-inverting input of comparator 16 and the base of
transistor 40 is the inverting input. When the base of
transistor 36 is at a higher voltage than the base of transistor
40, transistor 40 turns on and conducts the current supplied
by current source 34 while transistor 36 is off. Consequently,
the transistor 46 is turned off which allows transistor 44 to
drive the voltage on V,,, high. Conversely, if the base of
transistor 36 is lower than the base of transistor 40, then
transistor 36 is on and transistor 40 is off. This condition
drives the emitter of transistor 46 low which turns transistor
46 on. Since transistor 46 is on, V,,, is driven to a low
voltage.

The hysteresis circuit 22 includes PNP transistor 48 and
resistor 50. In operation, transistor 48 tums on when the V=
input of the comparator is at a sufficiently low value to turn
on transistors 40 and 48. With transistor 48 on, a voltage
drop is developed across resistor 50. Therefore, the addi-
tional voltage drop is the hysteresis which must be overcome
to switch the comparator when the voltage on the V™ input
rises.

The problem with the prior art circuit in FIG. 2 is that the
circuit requires resistors 38 and 42 to be relatively low
resistance so that the circuit can have sufficient dynamic
range without the transistors in the differential stage oper-
ating in saturation. Consequently, the circuit in FIG. 2
suffers from low gain.

FIG. 3 shows a circuit which is very similar to FIG. 2 and
differs only in how the hysteresis in the circuit is achieved.
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FIG. 3 shows a bias current circuit comprising transistor
M18, Q29, and resistor R40. The differential input stage
comprises transistors Q0, Q1, Q2, Q3, Q4, and QS. The
output stage comprises M15 and M19. M13, M14, M15,
M16, and M51 are current sources for the circuit. The base
of Q3 is the inverting input and the base of QO is the
non-inverting input of the differential stage. Resistors R26,
R29, and R36 form a voltage divider to set up the voltage
reference for the inverting input and to form the hysteresis
circuit.

In operation, the output of the circuit, opoff, switches
when the input, drain, rises to the threshold voltage of the
circuit. At that point, Q0 and Q1 turn off while transistors Q3
and Q2 turn on. With Q3 on, M36 and M19 are turned on
thereby activating the hysteresis circuit and pulling the
output to a low voltage, respectively. The hysteresis circuit
is activated by transistor M36 effectively shorting resistor
R30 which effectively changes the voltage reference on the
inverting input. The problem with this circuit is that current
is always flowing in through the voltage divider network.
Additionally the resistor R36 reference voltage tends to vary.

FIG. 4 shows another prior art circuit for generating
hysteresis in a comparator. In this example, resistor 50 and
bipolar transistor 52 set up a bias voltage which is used by
transistors 54 and 56 to generate bias currents for the
differential pair. Transistors 64 and 70 form the differential
pair of this comparator. The hysteresis for this circuit is
generated by turning on or off transistor 56 with transistor 72
and by running the emitter current of transistor 70 through
resistor 68. When the voltage at the base of transistor 64 is
sufficiently higher than the voltage on the base of transistor
70, transistor 62, transistor 64 and transistor 66 are turned on
and transistor 70 is turned off. Since transistor 70 is off and
transistor 66 is on, the output voltage is high and transistor
72 is turned off. Therefore, transistor 56 is turned on and the
current through the collector of transistor 64 is equal to the
current flowing through transistors 54 and 56.

The comparator will switch states when the base voltage
of transistor 70 is large enough to induce a current through
transistor 70 which is equal to the current through transistor
64. Since the current requirement for the transition has now
increased because transistor 56 is now on, whereas before it
was turned off, the hysteresis is generated by the extra
current through transistor 56 and the voltage drop across
resistor 68. In other words, the hysteresis is generated by the
tail currents of transistor 70.

SUMMARY OF THE INVENTION

Therefore, it is an object of the invention to provide a
comparator which has high gain and easily designed hys-
teresis.

These and other objects, advantages, and features will be
apparent to those skilled in the art from the following
detailed description of the invention, when read in conjunc-
tion with the accompanying drawings and appended claims.

The invention can be summarized as a comparator with
hysteresis which has a bias current circuit, a differential
input stage, and an output stage. The differential input stage
uses an analog switch to connect the body of a field effect
transistors to either a first voltage or a second voltage. The
analog switch in the preferred embodiment is a double-
throw switch.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of a comparator with hysteresis
as known in the prior art.
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FIG. 2 is a schematic drawing of a comparator with
internal hysteresis as known in the prior art.

FIG. 3 is a schematic drawing of a second comparator
with internal hysteresis as known in the prior art.

FIG. 4 is schematic drawing of a third comparator with
internal hysteresis as known in the prior art.

FIG. 5 is a schematic drawing of comparator with hys-
teresis as disclosed in an embodiment of the invention.

DETAILED DESCRIPTION OF AN
EMBODIMENT OF THE INVENTION

A comparator with hysteresis according to the embodi-
ment in FIG. § will now be described. The comparator
circuit is constructed from essentially three functional
blocks: a bias current circuit, a differential input stage, and
an output stage.

The bias current circuit is constructed by connecting the
source of P-channel MOSFET transistor 100 to a voltage
source, Vdd. The gate and drain of transistor 100 are
connected to the source of P-channel MOSFET transistor
102 and to the gates of P-channel MOSFET transistors 104
and 106. The gate and drain of transistor 102 are connected
to ground. The sources of transistors 104 and 106 are
connected to Vdd. Therefore, bias currents are generated at
the drains of transistors 104 and 106 for the use of the
differential input stage and the output stage, respectively.

The differential input stage is constructed by connecting
the sources of P-channel MOSFET transistors 108 and 116
to the drain of transistor 104. The gate of transistor 108 is the
noninverting input of the comparator and the gate of tran-
sistor 116 is the inverting input of the comparator. The body
of transistor 108 is connected to the pole of analog switch
112. Analog switch 112 is shown as a double-throw analog
switch which can connect the body of transistor 108 to either
a first reference voltage, Vz, or a second reference voltage
V.. Similarly, the body of transistor 116 is connected to
analog switch 114. Analog switch 114 is shown as a double-
throw analog switch which can couple the body of transistor
116 to either ‘a first reference voltage, V,, or a second
reference voltage, V,. Analog switch 112 is controlled by
the output of the comparator. Analog switch 114 is con-
trolled by the inverted output of the comparator. Therefore,
the body of transistor 108 is connected to the first reference
voltage when the body of transistor 116 is connected to the
second reference voltage. Conversely, the body of transistor
108 is connected to the second reference voltage when the
body of transistor 116 is connected to the first reference
voltage.

The output stage is constructed by connecting the drain
and gate of N-channel MOSFET transistor 110 to the drain
of transistor 108 and to the gate of transistor 118. The source
of transistor 110 is connected to ground. The source of
transistor 118 is connected to ground while its drain is
connected to the gate of N-channel MOSFET transistor 120
and the drain of transistor 116. The drain of transistor 120 is
comnected to the drain of transistor 106, the gates of tran-
sistors 122 and 124, and to the control element of analog
switch 114. P-channel MOSFET transistor 122 is connected
to N-channel transistor 124 in a inverter configuration. The
source of transistor 122 is connected to Vdd. The drain of
transistor 122 is connected to the drain of transistor 124 and
the control element of analog switch 112. This node forms
the output of the comparator. The source of transistor 120 is
connected to ground.
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In operation, transistor 104 supplies a bias current to the
differential pair, which is shown as transistor 108 and
transistor 116. Although this differential pair is shown as just
two P-channel transistors, it is well known in the art that
differential pairs can be constructed with N-channel MOS-
FETs. Differential pairs can also be constructed using mul-
tiplies of two differential pair. When the input voltage V* on
the gate of transistor 108 is much smaller than the input
voltage V7, the bias current flows through transistor 108
which turns on transistor 118 and turns off transistor 120.
Thus, the input to inverter formed by transistors 122 and 124
are driven high by transistor 106 and the output of the
comparator is driven low. Analog switch 112 connects the
body of transistor 108 to V5, while analog switch 114
connects the body of transistor 116 to V..

The comparator switches states when the V™~ voltage is
sufficiently high relative to V*. At that point, transistor 108
turns on while transistor 116 turns off, which turns transis-
tors 110 and 118 on and 120 off. Transistor 106 then charges
the gates of 122 and 124 which drives the output of the
comparator low.

Since analog switches 112 and 114 are connected to the
output and input of the inverter, the analog switches change
body voltages of transistors 108 and 116 to V4, and Vp,,
respectively. Qualitatively, the hysteresis is caused by
changing the voltage threshold of the gates by changing the
body voltage.

The embodiment in FIG. 5 is shown where the body of
both transistors in the differential pair are switched. It will
be appreciated that a simpler case where only one transistor,
either 108 or 116 in this example, is switched while the other
is connected to a fixed bias voltage. It will be appreciated by
the persons skilled in the art that this design allows for easily
designed hysteresis.

Although the invention has been described and illustrated
with a certain degree of particularity, it is understood that the
present disclosure has been made only by way of example,
and that numerous changes in the combination and arrange-
ment of parts can be resorted to by those skilled in the art
without departing from the spirit and scope of the invention,
as hereinafter claimed.

I claim:

1. A comparator circuit comprising a bias current circuit,
a differential input stage, and an output stage wherein the
differential input stage comprises:

a transistor having a current path coupled to the bias
current circuit, a gate for receiving an input voltage,
and having a body; and

an analog switch having a control element coupled to the
output stage and having a pole coupled to the body of
the transistor.

2. The comparator circuit of claim 1 wherein the analog

switch comprises a double-throw analog switch.

3. The comparator of claim 2 wherein the transistor is a
p-channe! MOSFET.

4. A comparator circuit comprising a bias current circuit,
a differential input stage, and an output stage wherein the
differential input stage comprises:

a first transistor having a current path coupled to the bias
current circuit, a gate for receiving a first input voltage,
and having a body;

an first analog switch having a control element coupled to
the output stage and having a pole coupled to the body
of the first transistor;

a second transistor having a current path coupled to the
bias current circuit, a gate for receiving a second input
voltage, and having a body; and
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a second analog switch having a control element coupled
to the output stage and having a pole coupled to the
body of the secondtransistor such that, when the output
of the comparator is at a high voltage, the body of the
first transistor is coupled to a first reference voltage and
the body of the second transistor is coupled to a second
reference voltage, and, when the output of the com-
parator is low, the body of the first transistor is coupled
to a second reference voltage and the body of the
second transistor is coupled to a first reference voltage.

5. The comparator of claim 4 wherein the first analog
switch is a double-throw analog switch.

6. The comparator of claim 4 wherein the first transistor
comprises a p-channel MOSFET.

7. A comparator circuit comprising a bias current circuit,
a differential input stage, and an output stage wherein the
differential input stage comprises:

a first transistor having a current path coupled to the bias
current circuit, a gate for receiving a first input voltage,
and having a body; and

a means for coupling the body of the first transistor to a
first reference voltage when the output stage is at a high
output level and to a second reference voltage when the
output stage is at a low output level.

8. The comparator of claim 7 wherein the means for
coupling the body of the first transistor to a first voltage
reference comprises an analog switch. -

9. The comparator circuit of claim 8 wherein the analog
switch comprises a double-throw analog switch.

10. The comparator circuit of claim 7 wherein the first
transistor comprises an n-channel MOSFET transistor.
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11. A method for generating hysteresis in a comparator
comprising the steps of:

coupling the body of a transistor of a differential pair to

a first voltage when an output of the comparator is at a
high voltage; and

coupling the body of the transistor of the differential pair

to a second voltage when the output of the comparator
is at a low voltage.

12. The method of claim 11 wherein the step of coupling
the body of a transistor to a first voltage is performed with
an analog switch.

13. The method of claim 12 wherein the analog switch is
a double-throw switch.

14. The method of claim 11 wherein the first voltage is
fixed bias voltage.

15. A reset circuit which includes a comparator circuit
comprising a bias current circuit, a differential input stage,
and an output stage; wherein the differential input stage
comprises:

a first transistor having a current path coupled to the bias

current circuit, a gate for receiving a first input voltage,
and having a body; and

an first analog switch having a control element coupled to
the output stage and having a pole coupled to the body
of the first transistor.
16. The comparator circuit of claim 15 wherein the first
analog switch comprises a double-throw analog switch.
17. The comparator of claim 16 wherein the first transistor
is a p-channel MOSFET.
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